The interest in environmentally acceptable biodegradable lubricating base oils has recently rapidly increased (Mang, 1994) . Biodegradable lubricants were first developed for two-stroke outboard engines in the beginning of 1980s, with the main base fluid composed of neopentylpolyol esters of branched chain fatty acids. Eychenne et al. (1996) have recently reviewed the developments in environmentally friendly lubricating oils based on neopentylpolyols such as neopentyl glycol, pentaerythritol, and trimethylolpropane. In the middle of 1980s, biodegradable chain-saw oils based on natural esters of rapeseed oil were introduced on the market. Biodegradable trimethylolpropane esters of fatty acids from sunflower oil (Bongardt et al., 1996) or rapeseed oil (Lämsä, 1995) fatty acids can be used for example in the production of hydraulic fluids. Further, trimethylolpropane esters have been developed as lubricants for jet turbine (Cooley and Slovinsky, 1961) , motor-car (Leleu et al., 1977) , and gas turbine engines (Carr and DeGeorge, 1989) .
Lipase catalyzed transesterification has been previously proposed for example for the modification of food fats and oils (Coleman and Macrae, 1977; Yokozeki et al., 1982) , and production of biodegradable solvents (Linko et al., 1994) and polymers (Linko and Seppälä, 1996) . Osada et al. (1987) and Monot et al. (1990) have demonstrated that also hydrophilic polyols can be esterified by lipase in the presence of an organic solvent such as din-butyl ether or tetrahydrofuran. However, organic solvents are undesirable from the point of view of practical applications. Preliminary results have shown, however, that rapeseed oil based trimethylolpropane esters can also be synthesized by lipase biocatalysis without an additional organic solvent (Lämsä et al., 1995; Linko et al. 1996) . We describe now for the first time the enzymic transesterification between trimethylolpropane and rapeseed oil fatty acid methyl esters in high trimethylolpropane tri-ester yields using immobilized lipases.
Materials and methods

Materials
Finnish rapeseed oil was obtained from Raisio Group, Oil Milling Divion. The average fatty acid composition of the low erucic acid rape seed oil was: oleic acid 57%, linoleic acid 22%, linolenic acid 12%, palmitic acid 4%, eicosaenoic acid 2%, stearic acid 1%, erucic acid < 1%, others 1%. The carriers tested for lipase immobilization were: Amberlite XAD-7 and Amberlite IRA94s (Rohm and Haas, Philadelphia, USA), Celite R-630 (Manville, UK), Dowex 66, MWA-1WGR-2 and XUS 40339.01 (Dow Chemical Company, Midland, USA), 11111  2  3  4  5  6  7  8  9  10111  1  2  3  4  5  6  7  8  9  20111  1  2  3  4  5  6  7  8  9  30111  1  2  3  4  5  6  7  8  9  40111  1  2  3  4  5  6  7  8  9  50111  1  2  3111 Biotechnology Techniques, Vol 11, No 11, November 1997, pp. 889-892 Biotechnology Techniques · Vol 11 · No 12 · 1997 
Enzyme immobilization
Carriers were first washed with boiling, deionized water. A suitable quantity of the solid lipase preparation was mixed for 2 h in 0.05 M sodium phosphate buffer (pH 5.8), filtered, and 60 ml of the enzyme solution was mixed with 40 g buffered carrier in a 250 ml conical flask for 6 h at 28°C. The mixture was filtered, and the precipitate was washed six times with 60 ml of deionized water and freeze-dried for 30 h to a dry solids content of at least 99%.
Synthesis of rapeseed oil methyl ester
Rapeseed oil methyl ester was synthesized chemically as follows: 264 g rapeseed oil was weighed into a 1000 ml 3-necked flask, equipped with a thermometer, condenser, stirrer and sample adapter, and 34 g methanol was added under stirring. The reaction mixture was heated to 60°C and 0.5% (w/w) alkaline catalyst was added. After the reaction was completed in 4 h as determined by TLC, the reaction mixture was washed by acidic water. Glycerol formed was separated and the excess alcohol was distilled off. The rapeseed oil methyl ester (melting range 56 to 59°C) content of the product was 96.6%, as determined by HPLC.
Enzymic synthesis of rapeseed oil trimethylolpropane ester Transesterification between trimethylolpropane and rapeseedoil methyl ester was carried out at a reduced pressure (2.0 to 13.3 kPa) in 25 ml round bottomed flasks equipped with a 20 cm vertical condenser (cooling water temperature 6°C) and a magnetic stirrer typically as follows: trimethylolpropane (0.607 g) was first dissolved in 0.7 ml (15%, w/w of total mass of the substrates) of water, after which rapeseed oil methyl ester (4.00 g) and either solid lipase preparation (40% w/w) or immobilized lipase (50% w/w) were added. Reaction was usually carried out either at 37°C or 47°C at 5.3 kPa (40 mmHg) with magnetic stirring at 150 rev min -1 ), and the average trimethylolpropane to rapeseed oil methyl ester molar ratio was either 1:3.5 or 1:4.5. The condenser was flushed with about 2 ml acetone after which the total sample was extracted 5 times with 4 ml acetone. The biocatalyst residue was removed by centrifuging (1900 × g). The supernatant containing the product trimethylolpropane tri-esters of rapeseed oil fatty acids was transferred into a 1.5 ml Eppendorf tubes and stored at -20°C for later analyses.
Analytical
Lipase activity (hydrolytic) was determined as follows. The lipase sample, 2.5 ml of deionized water, and 1.0 ml of McIlvane buffer of pH 7.0 were kept at 37°C for 5 min in a conical flask equipped with a magnetic stirrer, after which a mixture of 3.0 ml of olive oil substrate and 2.0 ml of deionized water was added, and the flask was incubated for 30 min at 37°C. The reaction was stopped by adding 3.0 ml 95% (v/v) ethanol and titrated immediately with 0.05 M sodium hydroxide using phenolphthalein as an indicator. One unit (U) of lipase releases one micromol of fatty acid in one minute under the specified conditions, and the activities were reported as Ug -1 ).
